Ascorbate redox control of plant growth, carbon
metabolism and source-sink regulation in tomato
Noé Gest, Cecile Garchery, Mathilde Causse, Hélène Gautier, T Do Phuc,
Allistair R. Fernie, Ana Jimenez, Pierre Baldet, Christophe Rothan, Rebecca
Stevens

To cite this version:
Noé Gest, Cecile Garchery, Mathilde Causse, Hélène Gautier, T Do Phuc, et al.. Ascorbate redox
control of plant growth, carbon metabolism and source-sink regulation in tomato. 10. International
Conference on reactive Oxygen and Nitrogene species in Plants, Jul 2011, Budapest, Hungary. �hal02747094�

HAL Id: hal-02747094
https://hal.inrae.fr/hal-02747094
Submitted on 3 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Program, Abstracts and List of Participants
of the

10th International Conference on Reactive
Oxygen and Nitrogen Species in Plants

Version postprint

July 5-8, 2011, Budapest, Hungary

Meeting of the Plant Oxygen Group
of the Society for Free Radical Research-Europe
(SFRR-E)

Conference site
Main Building of the Hungarian Academy of Sciences
Széchenyi tér 9, 1051 Budapest, Hungary

- 1: Comment citer ce document
Gest, N., Garchery, C., Causse, M., Gautier, H., Phuc, T. D., Fernie, A. R., Jimenez, A.,
Baldet, P., Rothan, C., Stevens, R. (2011). Ascorbate redox control of plant growth, carbon
metabolism and source-sink regulation in tomato. In: Book of abstracts (p. 67). Presented at
10. International Conference on reactive Oxygen and Nitrogene species in Plants, Budapest, HUN

P-38.

ASCORBATE REDOX CONTROL OF PLANT GROWTH, CARBON
METABOLISM AND SOURCE-SINK REGULATION IN TOMATO

Noé Gesta, Cécile Garcherya, Mathilde Caussea, Hélène Gautierb, Phuc T. Doc, Alisdair R.
Ferniec, Ana Jimenezd, Pierre Baldete, Christophe Rothane, Rebecca Stevensa
a

INRA, UR1052, Génétique et amélioration des fruits et légumes, Domaine St Maurice BP94,
84143 Montfavet, France
b
INRA, UR1115, Plantes et systèmes de culture horticoles, Domaine St Paul, Site Agroparc,
84914 Avignon, France
c
Max-Planck-Institute of Molecular Plant Physiology, Am Muehlenberg 1,
14476 Potsdam-Golm, Germany
d
CEBAS-CSIC, Murcia, Spain
e
INRA, UMR 619, Biologie du Fruit, BP 81, 33883 Villenave d'Ornon, France

Version postprint

E-mail: rebecca.stevens@avignon.inra.fr
The regulation of carbon allocation between photosynthetic source leaves and sink tissues in
response to stress is an important factor controlling plant yield. The activities of two enzymes
involved in the maintenance of the ascorbate redox state in different cellular compartments
have been shown to affect both carbon metabolism and yield in tomato in response to the
environment.
Ascorbate oxidase is an apoplastic enzyme which controls the redox state of the
apoplastic ascorbate pool. RNA interference was used to decrease ascorbate oxidase activity
in tomato and the magnitude of changes seen in the leaf apoplastic ascorbate redox state was
under environmental control. Furthermore the apoplastic hexose-sucrose ratio was positively
correlated with the apoplastic ascorbate redox state and favours transport of assimilate to
fruits in the ascorbate oxidase lines. Fruit yield is indeed increased in these lines under
conditions where assimilate becomes limiting for wild type plants: when fruit trusses are left
unpruned or when water supply is limited or leaves removed. Ascorbate oxidase plants also
showed increases in stomatal conductance and leaf and fruit sugar content. Modifications in
gene expression, enzyme activity and the fruit metabolome were coherent with the notion of
the ascorbate oxidase RNAi lines showing altered sink strength.
In contrast, monodehydroascorbate reductase activity has the opposite effect on yield
to ascorbate oxidase in tomato. RNAi MDHAR lines have decreased fruit size depending on
fruit load and environmental conditions and accumulate less sugar in their leaves over the
day. The transgenic plants also show higher ascorbic acid, glutathione and hydrogen peroxide
levels. Carbohydrate metabolism is modified in the transgenic lines and analysis reveals an
increase in glucose-6-phosphate dehydrogenase activity, an enzyme that directs glucose into
the pentose phosphate pathway, the pathway used by cells to regenerate NADPH. NADPH is
the final electron provider in the ascorbate-glutathione cycle, and an increase in the level of
this molecule allows regeneration of the antioxidants glutathione and ascorbate and thus
higher protection against hydrogen peroxide. Other changes in carbon metabolism in these
lines reinforce the hypothesis that the plant orientates its reserves away from sucrose
synthesis, and development of sink organs, and towards oxidative stress protection.
Enzymes controlling the ascorbate redox state in tomato therefore provide a link
between the ascorbate-glutathione cycle, stress tolerance and carbon allocation in response to
the environment.
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